Clinical studies have shown that statin use may alter the risk of lung cancer. However, these studies yielded different results. To quantify the association between statin use and risk of lung cancer, we performed a detailed metaanalysis. A literature search was carried out using MEDLINE, EMBASE and COCHRANE database between January 1966 and November 2012. Before meta-analysis, between-study heterogeneity and publication bias were assessed using adequate statistical tests. Fixed-effect and random-effect models were used to calculate the pooled relative risks (RR) and corresponding 95% confidence intervals (CIs). Subgroup analyses, sensitivity analysis and cumulative meta-analysis were also performed. A total of 20 (five randomized controlled trials, eight cohorts, and seven casecontrol) studies contributed to the analysis. Pooled results indicated a non-significant decrease of total lung cancer risk among all statin users (RR = 0.89, 95% CI [0.78, 1.02]). Further, long-term statin use did not significantly decrease the risk of total lung cancer (RR = 0.80, 95% CI [0.39 , 1.64]). In our subgroup analyses, the results were not substantially affected by study design, participant ethnicity, or confounder adjustment. Furthermore, sensitivity analysis confirmed the stability of results. The findings of this meta-analysis suggested that there was no significant association between statin use and risk of lung cancer. More studies, especially randomized controlled trials and high quality cohort studies are warranted to confirm this association.
Introduction
Lung cancer is the leading cause of cancer death worldwide [1, 2] . The age-adjusted incidence rate of lung cancer was 62.6 per 100,000 men and women per year, and the ageadjusted death rate was 50.6 per 100,000 men and women per year [3] . 3-hydroxy-3-methylglutaryl-coenzyme A reductase inhibitors (statins) are the most commonly used drugs in the treatment of hypercholesterolemia, which potently reduce plasma cholesterol levels. Their efficacy on cardiovascular events has been proven irrefutably for both reduction of morbidity and mortality [4, 5] . Rodent studies suggested that statins may be carcinogenic [6] . However, several preclinical studies have shown that statins may have potential anticancer effects through arresting of cell cycle progression [7] , inducing apotosis [8, 9] , suppressing angiogenesis [10, 11] , and inhibiting tumor growth and metastasis [12, 13] . For lung cancer, some experimental studies have found that statin may induces apoptosis [14] [15] [16] [17] [18] , inhibit tumor growth [19] [20] [21] [22] , angiogenesis [23] , as well as metastasis [24] . Further, statin may overcome drug resistance in human lung cancer [25] . Now there are some studies investigating the association between statin use and lung cancer, however, the existing results are controversial. To better understand this issue, we carried out a meta -analysis of existing randomized controlled trials (RCT) and observational studies that investigated the association between statins use and the risk of developing lung cancer.
Materials and Methods

Literature Search
The meta-analysis was undertaken in accordance with the Preferred Reporting Items for Systematic Reviews and MetaAnalyses (PRISMA) [26] . A literature search was carried out using MEDLINE, EMBASE and COCHRANE databases between January 1966 and November 2012. There were no restriction of origin and languages. Search terms included: ''hydroxymethylglutaryl-CoA reductase inhibitor(s)'' or ''statin(s)'' or ''lipid-lowering agent(s)'' and ''cancer(s)'' or ''neoplasm(s)'' or ''malignancy(ies)''. The reference list of each comparative study and previous reviews were manually examined to find additional relevant studies.
Study selection
Two reviewers independently selected eligible trials. Disagreement between the two reviewers was settled by discussing with the third reviewer. Inclusion criteria were: (i) an original study comparing statin treatment with an inactive control (placebo or no statins), (ii) adult study participants (18 years or older), (iii) presented odds ratio (OR), relative risk (RR), or hazard ratio (HR) estimates with its 95% confidence interval (CI), or provided data for their calculation., and (iv)follow-up over one year. Studies without lung cancer assessment and those describing statin treatment in cancer or transplant patients were excluded. When there were multiple publications from the same population, only data from the most recent report were included in the meta-analysis and remaining were excluded . Studies reporting different measures of RR like risk ratio, rate ratio, HR, and OR were included in the metaanalysis. In practice, these measures of effect yield a similar estimate of RR, since the absolute risk of lung cancer is low.
Data extraction
The following data was collected by two reviewers independently using a purpose-designed form: name of first author, publishing time, country of the population studied, study design, study period, patient characteristics, statin type, the RR estimates and its 95 % CIs, confounding factors for matching or adjustments.
Methodological quality assessment
The quality of included randomized controlled trials (RCT) was assessed using the tool of "risk of bias" according to the Cochrane Handbook. Sequence generation, allocation concealment, blinding, incomplete data and selective reporting were assessed, and each of them was graded as "yes(+)", "no(-)" or "unclear(?)", which reflected low risk of bias, high risk of bias and uncertain risk of bias, respectively. We used Newcastle-Ottawa scale to assess the methodologic quality of cohort and case-control studies. The Newcastle-Ottawa Scale contains eight items that are categorized three categories: selection (four items, one star each), comparability (one item, up to two stars), and exposure/outcome (three items, one star each). A ''star'' presents a ''high-quality'' choice of individual study. Two reviewers who were blinded regarding the source institution, the journal, and the authors for each included publication independently assess the methodologic quality. Disagreement between the two reviewers was settled by discussing with the third reviewer.
Data synthesis and analysis
Heterogeneity was assessed using the Cochran Q and I 2 statistics. For the Q statistic, a P value<0.10 was considered statistically significant for heterogeneity; for the I 2 statistic, heterogeneity was interpreted as absent (I 2 : 0%-25%), low (I 2 : 25.1%-50%), moderate (I 2 : 50.1%-75%), or high (I 2 : 75.1%-100%) [27] . The overall analysis including all eligible studies was performed first, and subgroup analyses were performed according to (i) study design (RCT, cohort and case-control studies), (ii) study location, and (iii)control for confounding factors ( n ≥ 8, n ≤ 7) , to examine the impact of these factors on the association. We also assessed the link between longterm statin use and lung cancer risk. Pooled RR estimates and corresponding 95 % CIs were calculated using the inverse variance method. In the absence of a statistically significant heterogeneity (I 2 : 0%-25%), fixed model was used; otherwise, random model was performed. To test the robustness of association and characterize possible sources of statistical heterogeneity, sensitivity analysis was carried out by excluding studies one-by-one and analyzing the homogeneity and effect size for all of rest studies. Publication bias was assessed using Begg and Mazumdar adjusted rank correlation test and the Egger regression asymmetry test [28, 29] . All analyses were performed using Stata version 11.0 (StataCorp, College Station, TX).
Results
Search results and characteristics of studies included in the meta-analysis Figure 1 shows the flow diagram for study inclusion. A total of 4012 citations were identified during the initial search. On the basis of the title and abstract, we identified 21 papers. After detailed evaluation, three studies were excluded for reasons described in Figure 1 . Two studies were identified from reference lists. At last, the remaining 20 studies published between 1998 and 2012 were included in the meta-analysis, with five RCTs [30] [31] [32] [33] [34] , eight cohort studies [35] [36] [37] [38] [39] [40] [41] [42] , and seven case-control studies [43] [44] [45] [46] [47] [48] [49] (Baseline data and other details are shown in Table 1 ). A total of 4,980,009 participants, including 37,560 lung cancer cases were involved. Of the 20 included studies, nine studies were conducted in America, nine in Europe, and the remaining two in Asia. Further, six studies [38, 41, 42, 45, 48, 49] were reported RR estimates of the association between long-term statin use and risk of lung cancer ( Table 2 ). Figure 2 . illustrates our opinion about each item of bias risk for included RCTs, most of the items were at"low risk" based on Cochrane handbook, suggesting a reasonable good quality of RCTs. Table 3 summarizes the quality scores of cohort studies and case-control studies. The Newcastle-Ottawa Scale scores for the included studies ranged from 4 to 9, with a median 6; 9 studies (60%) were deemed to be of a high quality (≥6).
Main analysis
Because of significant heterogeneity (P < 0.001, I 2 = 93.6%) was observed, a random-effects model was chosen over a fixed-effects model, and we found that statin use did not significantly affect the risk lung cancer (RR = 0.89, 95% CI [0.78, 1.02]). Both multivariable adjusted RR estimates with 95 % CIs of each study and combined RR are shown in Figure 3 Table 4) . To test the robustness of association and characterize possible sources of statistical heterogeneity, sensitivity analyses were carried out by excluding studies oneby-one and analyzing the homogeneity and effect size for all of rest studies. Sensitivity analysis indicated that the study by Khurana V et al. [48] contributed most to the variability among all studies. Moreover, no significant variation was observed in combined RR by excluding any of the studies, confirming the stability of present results. A cumulative meta-analysis of total 20 studies was carried out to evaluate the cumulative effect estimate over time. 
Subgroup analyses, sensitivity analysis and cumulative meta-analysis
Publication bias
In the present meta-analysis, no publication bias was observed among studies using Begg's P value (P = 0.56); Egger's ( P = 0.59) test, which suggested there was no evidence of publication bias (Figure 6 ).
Discussion
In the past decade, the role of statins in the development of cancer has been increasingly understood. The results of metaanalysis conducted by Undela K et al. did not support the hypothesis that statins have a protective effect against breast cancer, however, there was a reduction in risk of breast cancer recurrence in statin users [50] . Consistently, Cui X et al's metaanalysis suggested that there was no significant association between statin use and pancreatic cancer risk [51] . However, the meta-analysis conducted by Pradelli D et al suggested that statins were inversely related to the risk for liver cancer, with an over 40% decrease in liver cancer risk among statin users, irrespective of the duration of statin exposure [52] . The present meta-analysis included 20 clinical studies currently available (five RCTs, eight cohort studies, and seven case-control studies). Finally, we found no substantial evidence for reduction in lung cancer risk among statin users as compared to non-users, when statins were taken at daily doses for cardiovascular event prevention. In the present meta-analysis, significant heterogeneity was observed among all studies. Therefore, a random-effects model was chosen over a fixedeffects model to determine the pooled RR estimates in our meta-analysis. Sensitivity analysis indicated that the study by Khurana V et al. [48] contributed most to the variability among all studies. The study population in the study of Khurana V et al. consisted solely of veterans with active access to health care and thus they were more likely to be prescribed a statin than the general population. Moreover, an omission of any studies did not significantly alter the magnitude of observed effect, suggesting a stability of our findings. In our subgroup analyses, the results were not substantially affected by study design, study location, and confounder adjustment. RCTs, cohort and case-control studies alone showed no significant association between statin use and risk of lung cancer. Cumulative metaanalysis did not show a significant change in trend of reporting risk of lung cancer in statin users between 1998 and 2012. Furthermore, our results demonstrated that long-term statin use did not significantly reduce the risk of lung cancer incidence. However, we should treat this result with caution. Firstly, patterns of statin use were different in the included studies. In many cases, drug use was irregular, with months of non-use between periods of use. Therefore, cumulative amount of statin defined daily doses (DDDs) could be small despite its long duration. Secondly, the definition of ''long-term use'' was different among the included studies. Thirdly, only six studies were reported RR estimates of the association between longterm statin use and risk of lung cancer. Despite some experimental studies have found that statin may induce apoptosis [14] [15] [16] [17] [18] , inhibit tumor growth [19] [20] [21] [22] , angiogenesis [23] , as well as metastasis [24] , our results suggested there was no conclusive preventive effect of statin use on lung cancer risk. These findings were in line with the recent meta-analysis of statin use and overall cancer risk [53] . We should notice that the inhibitory effect of statins on lung cancer cells has thus far been tested only in vitro and may behave differently in vivo. As we know, statins are selectively localized to the liver, and less than 5% of a given dose reaches the systemic circulation. Thereby, the usefulness of statins as chemopreventive agents for lung cancer is doubted given their selective hepatic uptake and low systemic availability [54] . Previous meta-analyses suggested that there was no significant association between statin use and breast and pancreatic cancer risk [50, 51] , however, statin had a protective effect against liver cancer [52] , which supports the opinion above. Further, statins have been shown to increase regulatory T-cell numbers and functionality in vivo [55] [56] [57] ; both lipophilic and hydrophilic statins decrease natural killer cell cytotoxicity [58] . These immunosuppressive effects of statins might impair host antitumor immune responses, suggesting an opposing effect on tumor development, which should be considered. In one of the included studies [46] , Graaf et al presented the effect of duration of statin use and dose. However, neither dose -response nor duration -response relationship was found. The absence of a significant doseresponse or duration -response weighs against a causal inference. The study by Khurana et al [48] found that statin use ≥6 month was associated with a statistically significant risk reduction of lung cancer by 55%(OR = 0.45, 95%CI = 0.42-0.48). We noted that the study population in the study of Khurana et al. consisted solely of veterans with active access to health care and thus they were more likely to be prescribed a statin than the general population. Further, 97.9% of the participants in their study were men. Cheng MH et al [44] investigated the association between statin use and lung cancer risk in female population individually, and they found that statin use was not associated with the risk of female lung cancer. Another study by Hippisley-Cox et al [40] investigated statin use and lung cancer risk among male or female population independently, and the result revealed that statin use was not associated with lung cancer risk in both female(OR =1.00, 95%CI =0.81-1.23) and male population(OR =1.05, 95%CI =0.97-1.13). Therefore, it's not clear whether statin use was associated with lung cancer risk among male or female population, especially male population. This topic need further discussion in the future when there are enough studies investigating statin use and lung cancer risk among male or female population independently.
The strength of the present analysis lies in inclusion of 20 studies(five RCTs, eight cohort studies, and seven casecontrol studies). Publication bias, which, due to the tendency of not publishing small studies with null results, was not found in our meta-analysis. Furthermore, our findings were stable and robust in the subgroup analyses and sensitivity analyses.
Our meta-analysis has several limitations. First, we did not search for unpublished studies, so only published studies were included in our meta-analysis. Therefore, publication bias may have occurred although no publication bias was indicated from both visualization of the funnel plot and Egger's test. Second, we haven't done subgroup meta-analyses of different gender or lung cancer histology, for a lack of original data. Finally, the included studies were different in terms of study design and definitions of drug exposure.
In conclusion, the findings of this meta-analysis, suggested that there was no significant association between statin use and risk of lung cancer. More studies, especially RCTs and high quality cohort studies with larger sample size, well 
